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SUMMARY 
The c a p a b i l i t i e s  of the Electrochemical Concentration Cell ozonesonde f o r  measuring 
the v e r t i c a l  p r o f i l e  o f  atmospheric ozone were s tudied  during a three-day experiment a t  
Wallops I s l and ,  Vi rg in ia ,  and Norfolk, Vi rg in ia .  Using a n c i l l a r y  measurements by Dasibi 
Corporation Optical  Ozone Monitors a t  the sur face  and the Wallops Is land Dobson spec t ro-  
photometer, i t  was concluded t h a t  the ozonesonde measures the t o t a l  ozone overburden t o  
w i t h i n  10% of  the r ea l  value. 
two s i tes ,  an ind ica t ion  was obtained of the temporal and s p a t i a l  s c a l e s  of atmospheric 
ozone v a r i a b i l i t y .  
i n so la t ion  a t  n i g h t  were seen. 
t i o n  a t  the peak of the p r o f i l e  has been a t t r i b u t e d  t o  sporadic  instrument performance 
e f f e c t s .  
cause of the anomaly. 
By re leas ing  the balloon-borne instruments a t  a r a t e  of four  per day a t  each of the 
No s i g n i f i c a n t  effects of a weak cold f r o n t  passage o r  of the l o s s  of 
An i s o l a t e d  inc ident  o f  anomalously h i g h  ozone concentra- 
The da ta  base cu r ren t ly  ava i l ab le  is not  adequate f o r  determining an exac t  
INTRODUCTION 
1 W i t h  the publ ica t ion  of an a r t i c l e  by Molina and Rowland i n  Nature i n  1974, a new 
impetus has been added t o  the search f o r  knowledge of the f u l l  influence of  ozone on atmo- 
spheric processes.  The essence of their  hypothesis was t h a t  chlorofluoromethanes (CFM’ s)  , 
qrganic  compounds generated by man f o r  use i n  aerosol  spray cans,  r e f r i g e r a t i o n ,  and a i r  
condi t ion ing ,  a r e  capable of destroying ozone i n  the s t ra tosphere .  T h i s  family of useful 
compounds, although chemically inert a t  the su r face ,  was conjectured t o  be d i s soc ia t ed  i n  
the upper atmosphere by the same u l t r a v i o l e t  r ad ia t ion  t h a t  is  f i l t e r e d  by the ozone 
layer .  The ch lo r ine  atom re leased  is believed t o  be highly p r o f i c i e n t  a t  the des t ruc t ion  
of ozone. Wi th  a reduct ion i n  the amount o f  ozone a l o f t ,  more u l t r a v i o l e t  r ad ia t ion  may 
be al lowed t o  reach the e a r t h ' s  surface w i t h  a p o t e n t i a l  ne t  increase i n  the occurrence 
of s k i n  cancer and other  maladies i n  humans as we l l  as disturbances i n  the ea r th ' s  
ecology. 
fami ly .  
R e v ~ l u t i o n , " ~  these may be o f  even more s i g n i f i c a n t  impact than are CFMs. 
Johnston a lso  i d e n t i f i e d  another source o f  NO i n  the upper atmosphere as h igh f l y i n g  
supersonic a i r c r a f t  (SST's). 
Concerns over the inadver tan t  mod i f i ca t i on  o f  the c l imate  o f  the  stratosphere by 
chlorofluoromethanes l e d  t o  the formation o f  the Interagency Task Force on Inadver tant  
Mod i f i ca t i on  of the Stratosphere (IMOS) i n  1975, co-sponsored by the Federal Council f o r  
Science and Technology and the Council on Environmental Qua l i t y .6  The p o t e n t i a l  e f f e c t s  
o f  a f l e e t  o f  supersonic a i r c r a f t  l e d  t o  the 1970-1974 C l ima t i c  Impact Assessment Program 
7 (CIAP) i n  the Department o f  Transportat ion. 
o f  s t ra tospher ic  chemical cons t i tuents  are too  in f requent  and too  sparse t o  s a t i s f y  the  
requirements o f  an ambitious moni tor ing program o f  the s o r t  ou t l i ned  i n  the na t i ona l  
c l imate program recen t l y  recommended by the Interdepartmental Committee f o r  Atmospheric 
Sciences (ICAS) o f  the Federal Coordinating Council f o r  Science, Engineering and 
Technology. I n  1974, the J o i n t  Organizing Committee o f  the Global Atmospheric Research 
Program (GARP) convened a conference i n  Stockholm, Sweden, t o  formulate requirements f o r  
"understanding the physical '  basis o f  cl imate," the  second ob jec t i ve  o f  GARP. The i r  
recommendations 
i n te rac t i ons  and the long-term moni tor ing o f  the  ozone content  o f  the stratosphere. 
Researchers are faced w i t h  the uncomfortable y e t  h i g h l y  chal lenging task o f  making h igh l y  
2 
Ozone i s  a lso  sub jec t  t o  des t ruc t ion  by chemical compounds i n  the n i t rogen oxide 
With the exponential r i s e  i n  the use o f  n i t rogen  f e r t i l i z e r s  i n  the "Green 
C r ~ t z e n ~ , ~  and 
5 
These and o ther  s tud ies i n  recent years have cons is ten t l y  concluded t h a t  measurements 
8 
9 inc luded requirements f o r  an i n tens i ve  study o f  atmospheric chemical 
accurate measurements o f  an unknown number o f  impor tant  atmospheric cons t i tuents  whose 
concentrat ions are var iab le  i n  t i m e  and space. 
be in f luenced by man. 
the case o f  ozone. 
i n  t o t a l  ozone overburden average about 10% i n  w in te r  and 5% i n  sumner. 
t h i s  i s  an approximately 25% annual va r ia t i on ,  a 2% quasi -b iennia l  o s c i l l a t i o n ,  and 
10 poss ib le  long-term trends amounting t o  as much as 5% per  decade. 
How can man's in f luence be detected i f  a l l  o f  these na tu ra l  va r ia t i ons  are poor ly  
understood? 
c a p a b i l i t y  o f  de tec t ing  a man-made 1-2% ozone reduc t ion  over a per iod  o f  some 10 years? 
To determine how we l l  we understand the na tu ra l  v a r i a t i o n  o f  ozone and our measurement 
c a p a b i l i t i e s  would requ i re  a research a c t i v i t y  o f  the scope o f  GARP. 
t h a t  d i rec t i on ,  the goal o f  t h i s  experiment was t o  evaluate the  performance o f  i n - s i t u  
ozone sensors i n  the  r e a l  atmosphere. 
The v a r i a b i l i t y  i s  p a r t l y  na tu ra l  bu t  may 
Assuredly, the former e f f e c t s  are much l a r g e r  than the l a t t e r  f o r  
Superimposed on 
For example, f o r  a t y p i c a l  m id - la t i t ude  s ta t i on ,  day-to-day va r ia t i ons  
Even i f  the na tu ra l  d r i v i n g  forces are understood, do we have the measurement 
As a f i r s t  step i n  
I n - s i t u  inst rumentat ion i s  c u r r e n t l y  b e t t e r  under- 
2 
stood than are the satell i te-borne sounders under development for  NIMBUS-G and TIROS-N, 
for  example, and t h o u g h  lacking i n  global coverage, they will be essential  for  verifying 
the performance of s a t e l l i t e  instrumentation and for  relating the data from one s a t e l l i t e  
t o  tha t  of another. 
vertical  resolution of balloon and rocket-borne sensors will never be matched by remote 
sounders. 
To examine the natural var iabi l i ty  of ozone on a l l  time scales,  horizontal scales, 
and a t  a l l  a l t i tudes from the surface th rough  the stratosphere i s  an enormous task. 
a limited investigation of temporal , spa t ia l ,  and vertical var iabi l i ty  is  economically and 
logis t ical ly  feasible i n  advance of GARP o r  a national climate program b u t  studies u s i n g  
equipment and f a c i l i t i e s  t o  their ultimate potential should be performed t o  establish the 
baseline capability of ozone measurements. The following section describes the equipment 
used i n  the experiment and gives de ta i l s  about the experiment's structure. 
A t  the present, the i r  accuracies are the best available and the 
Only 
EXPERIMENTAL TECHNIQUE 
Instrumentation 
As the only station routinely flying balloon-borne ozonesondes i n  the Uni ted  States 
a t  the present time, NASA's Wallops Flight Center (WFC) has developed considerable exper- 
t i s e  i n  the collection of high-quality in-situ ozone profile data. 
available for  use i n  th is  experiment a t  Wallops Flight Center includes balloon-borne 
electrochemical ozonesondes , surface-based Dasi b i  Corporation Optical Ozone Monitors, and 
a Dobson spectrophotometer. This collection represents the state-of-the-art i n  in-situ 
ozone measurement capability. A brief description of each sensor system follows w i t h  
major emphasis i n  the discussions placed on the quality of the measurements produced. 
This instrument has served as the standard for  the 
measurement of total  atmospheric ozone for  a number of decades. In a recent study, Thomas 
and Holland12 have investigated the effects  of two sources of possible error  i n  the Dobson 
instrument measurements. 
ozone absorption coefficients and the variable effects  of scattered radiation. Their con- 
clusions were tha t  for  a well-maintained instrument, the atmospheric temperature varia- 
b i l i t y  may resu l t  i n  an error  of 2.4 r 0.5% for  a coupled A-D l ine  pair  measurement, the 
configuration recommended by the World Meteorological Organization. Similarly, the com- 
bined  influence of aerosol attenuation and scattered radiation was found to  cause an error  
of less  than 1% again for  an A-D coupled measurement. 
s t a t e  that  an error  of 5% should be expected i n  the use of Dobson spectrophotometer data. 
The instrumentation 
D-obs-on . .- . . Spectrophotometer. - - 
These are the uncertainty i n  the temperature sensi t ivi ty  of the 
In conclusion, Thomas and Holland 
3 
The Wallops Dobson instrument i s  well-maintained and i s  r e g u l a r l y  ca l i b ra ted  against  
the  standard ozone spectrophotometer maintained by NOAA a t  Boulder, Colorado. 
tes ts ,  the  agreement i s  genera l l y  w i t h i n  1% ( p r i v a t e  comnunication from W. Komhyr, NOAA, 
Boulder, Colorado). Hence, the  t o t a l  ozone measurements produced i n  t h i s  experiment are 
o f  h igh  p rec i s ion  and reasonably h igh  accuracy. 
Dasib i  Corporation Opt ica l  Ozone Monitor.13 This  comnerc ia l ly  ava i l ab le  instrument 
served as the  surface ozone sensor i n  t h i s  experiment. 
the concentrat ion o f  ozone i n  the ambient atmosphere by sensing the absorption o f  u l t r a -  
v i o l e t  (UV) r a d i a t i o n  by an ozonized a i r  sample. 
compare var ious commonly-used techniques f o r  measuring sur face ozone. 
invest igat ion ’ ‘  were t h a t  e i t h e r  the UV absorpt ion method o r  gas phase t i t r a t i o n  were 
capable o f  absolute measurements. 
potassium iod ide  (NBKI) technique used by the Environmental Pro tec t ion  Agency (EPA), the 
2 percent NBKI  method o f  the C a l i f o r n i a  A i r  Resources Board, and a 1 percent unbuffered 
potassium iod ide  technique used by the  Los Angeles A i r  P o l l u t i o n  Control D i s t r i c t  a l l  
y i e l d  ozone measurements 1 t o  13 percent h igher  than the absolute l eve l s  f o r  dry  a i r .  
Fo r  h igher  humid i t ies,  these l a t t e r  methods are too  h igh  by some 15 t o  30 percent. 
commonly used as a secondary standard w i t h  f requent  comparisons against  a primary t o  main- 
t a i n  i t s  ca l i b ra t i on .  The primary used 
was the  3 m c e l l  maintained by Drexel U n i v e r ~ i t y . ~ ~  When referenced back t o  an absolute 
u l t r a v i o l e t  absorpt ion measurement, the Wallops f i e l d  Dasib i  instrument c a l i b r a t i o n  i s  
I n  these 
A se l f -conta ined u n i t ,  i t  measures 
Recently, s tud ies  have been conducted t o  
The r e s u l t s  o f  one 
On the  o ther  hand, the 1 percent neut ra l  bu f fe red  
The Dasibi instrument, o f  course, i s  n o t  a laboratory-grade device. I t  i s ,  however, 
This was the technique used i n  t h i s  experiment. 
ro3JWAL -1 + 1.03 I03Juv 
where the ozone concentrat ions are expressed i n  pa r t s  per b i l l i o n  by volume (ppb). 
uncer ta in ty  i n  an absolute measurement from the Wallops Dasibi instrument i s  on the  order 
o f  1-2 ppb ( p r i v a t e  communications from Arnold Torres, Drexel Un ivers i ty ,  Phi ladelph ia,  
Pennsylvania). 
on the 0 t o  999 ppb d isp lay,  whichever i s  greater, and the d r i f t  i s  s ta ted  t o  be l ess  
than f 1% over a three day period. 
sur face ozone measurements are o f  h igh  q u a l i t y .  
developed by W. Komhyr l6,l7 f o r  use i n  measuring from a ba l loon p la t fo rm the v a r i a t i o n  
o f  ozone concentrat ion w i t h  a l t i t u d e .  
i n  which ozone i s  consumed i n  the ox ida t ion  o f  i od ide  ions t o  molecular iod ine.  
i s  q u i c k l y  converted back t o  the  iod ide  form i n  a reac t i on  dr iven  by the i od ide  concentra- 
t i o n  d i f f e r e n t i a l  t h a t  e x i s t s  between the c e l l  anode and cathode. The e l e c t r i c a l  cu r ren t  
The 
The prec is ion  quoted by the instrument manufacturer16 i s  2 1% o r  1 d i g i t  
Hence, w i t h  the absolute c a l i b r a t i o n  the Wallops 
Electrochemical Concentrgtion Cell -. . . (ECC) OzonesondeL The ECC ozonesonde was 
The sensor i s  based on an iod ine / iod ide  redox c e l l  
The l a t t e r  
4 
produced i s  p ropor t iona l  t o  the  mass f l o w  r a t e  o f  ozone i n t o  the  c e l l  and i s  detected and 
t ransmi t ted  v i a  te lemetry  back t o  a ground-based receiver. 
The data q u a l i t y  o f  t he  sensor has recen t l y  been evaluated by Torres and Bandy. 
Using the  Wallops Dobson spectrophotometer as a reference, comparisons w i t h  the in tegra ted  
t o t a l  ozone content  measured by ECC ozondesondes released dur ing  1977 have revealed t h a t  
t h e  ba l loon sensors underestimated the  t o t a l  ozone overburden by 5.7% w i t h  an uncer ta in ty  
i n  the  comparison o f  * 8.5%. 
t i on .  
Center r o u t i n e l y  c o l l e c t s  radiosonde temperature and dew p o i n t  p r o f i l e s  a t  synopt ic  t imes 
and windspeed, d i r e c t i o n ,  pressure, humidity, and temperature surface data continuously. 
Add i t i ona l l y ,  standard radiosonde temperature, dew po in t ,  windspeed, and d i r e c t i o n  pro- 
f i l e s  were secured from the  NWS f o r  a l l  eastern Uni ted States s ta t ions .  
15 
A n c i l l a r y  Data. The fo l l ow ing  data was gathered i n .  support o f  the  ozone data co l l ec -  
The Nat ional  Weather Service (NWS) support f a c i l i t y  loca ted  a t  Wallops F l i g h t  
St rategy 
With t h i s  in fo rmat ion  ava i lab le ,  an experiment was designed w i t h  the fo l l ow ing  com- 
ponents. 
ments, an in te r - ins t rument  comparison was included. For example, the surface readings 
from the ECC ozonesonde p r o f i l e s  are compared w i t h  Dasibi measurements taken nearby, and 
the i n teg ra ted  ECC ozonesonde p r o f i l e  overburden measurements are compared w i t h  the Dobson 
spectrophotometer data. No adjustment o f  the  ozonesonde p r o f i l e s  t o  the Dobson readings 
was used and independent comparisons a w  thereby possible. 
w i t h  he igh t ,  m u l t i p l e  launches were made. With fou r  bal loons per day f o r  the  th ree  days 
o f  the  experiment, i t  i s  poss ib le  t o  examine both the day-to-day changes and the  d iu rna l  
v a r i a t i o n  o f  ozone! 
F i n a l l y ,  t o  examine the  s p a t i a l  v a r i a b i l i t y  o f  ozone, two s ta t i ons  were used f o r  the 
ECC ozonesonde bal loon releases. I n  add i t i on  t o  the e x i s t i n g  launch f a c i l i t y  a t  WFC, a 
por tab le  u n i t  was loca ted  a t  Nor fo l k  I n t e r n a t i o n a l  A i r p o r t  f o r  the experiment, and simul- 
taneous ba l loon releases were made a t  each s i t e .  
I n  sumnary, the  experiment consis ted o f  data co l l ec ted  t o  f a c i l i t a t e  in te r - ins t rument ,  
i n t e r - s i t e ,  and in te r - launch comparisons. To ensure t h a t  reasonable meteorological condi- 
t i o n s  ex i s ted  dur ing  the  per iod  o f  data c o l l e c t i o n ,  the scheduling o f  the  ba l loon releases, 
the  on ly  non-routine a c t i v i t y  o f  the  experiment, was based on the imminent approach o f  a 
c o l d  f r o n t .  Fo l lowing a d iscuss ion o f  these meteorological condi t ions i n  considerable 
d e t a i l  i n  the  nex t  sect ion,  the  r e s u l t s  o f  the  experiment's comparisons as a func t i on  o f  
weather w i  11 be presented. 
To v e r i f y  the  accuracy and r e p e a t a b i l i t y  numbers quoted above f o r  the  i n s t r u -  
To examine the day-to-day v a r i a b i l i t y  o f  both t o t a l  ozone and ozone concentrat ion 
5 
I 
DATA COLLECTION 
Synoptic Conditions 
Figure 1 conta ins  severa l  items t h a t  help i l l u s t r a t e  the movement of  a l a t e  summer 
cold f r o n t  across  the eas t e rn  United S t a t e s  from September 9-11, 1977. 
cross'-hatched a reas  a r e  taken from an SMS i n f r a r e d  image taken a t  1030 GMT on September 9 ,  
and, t he re fo re ,  a r e  ind ica t ions  of cloud-top a l t i t u d e s .  
and hence warmest cloud-tops,  the hatched regions represent higher cloud development, and 
the c l e a r  a r eas  i n d i c a t e  maximum storm i n t e n s i t y .  A t  the time of  the photograph, the low 
pressure  system was located over the Great Lakes and the t r a i l i n g  cold f r o n t  s t r e t ched  t o  
the southwest ac ross  Lake Michigan, northern Missouri ,  and Kansas. The o the r  meteoro-- 
log ica l  f e a t u r e  o f  interest is  the remains of t r o p i c a l  storm Babe w h i c h  had moved across  
the southeastern United S t a t e s  a f t e r  i t s  l andfa l l  on September 4. The pos i t ion  of the 
cold f r o n t  a t  synopt ic  times during the following two days is  shown by the dashed l i n e s  
i n  Figure 1. 
a t  0315 GMT, September 11, 1977, 
The shaded and 
The black a reas  a r e  the lowest 
From su r face  da ta  taken a t  WFC, the su r face  f r o n t  passed o f f  the e a s t  coas t  
9/11 
Figure 1. 
V 
The progression of a cold f r o n t  across  the eas t e rn  United S t a t e s  
during September 9-11, 1977. Data from the five radiosonde s t a t i o n s  
a r e  used i n  subsequent i s en t rop ic  c ros s  sec t ion  analyses.  
The i n t e r r e l a t i o n  of  meteorological condi t ions w i t h  t o t a l  ozone content  has been 
recognized f o r  severa l  decades. Dobson18 reported i n  the 1920's t h a t  outbreaks of cold 
6 
a i r  coincided w i t h  increased total  ozone amount measurements. I n  terms of the classical  
representation of cyclones and anticyclones, he also mapped the regions of highest total  
ozone overburden just behind  the cold front and those w i t h  the smallest overburden ahead 
of the warm front i n  an extratropical cyclone. 
amount was found t o  be typically located i n  the warm sector. 
ozone concentration as a function of  height could be discerned d u r i n g  the changing 
synoptic conditions resulting from the September 11 cold frontal passage, a detailed 
picture of the f ront ' s  structure t h r o u g h o u t  the period was necessary. 
representation has been found t o  be the vertical isentropic cross section,19 a side view 
of the atmosphere containing isolines of potential temperature. 
of these isentropic surfaces i s  tha t  they "crowd up" i n  stable zones, such as i n  frontal 
zones and near j e t  streams. By o r i e n t i n g  the plane of the cross section along a l ine on 
the ear th ' s  surface normal t o  the cold front ,  a side view of the f ront ' s  structure results.  
Various examples of t h i s  type of analysis are found i n  the l i t e ra ture .  
isentropic analyses t o  demonstrate that  extrusions of stratospheric a i r  i n t o  the t r o p o -  
sphere occur along and i n  corridors of isentropic surfaces where the boundary between the 
stratosphere and the troposphere deforms, becomes vertical i n  the core of the j e t  stream, 
and subsequently folds beneath the core of the jet .21 Danielsen 22y23 has shown that  ozone 
transport from stratosphere t o  troposphere also occurs i n  these corridors. As a f inal  
example of isentropic analysis usage, F r a n k  and Barberz4 have recently studied in con- 
siderable detail  the evolution of frontal systems on a time scale n o t  usually obtainable 
d u r i n g  NASA's Atmospheric Variability Experiment (AVE 11). Their data collection rate of 
8 soundings per day enabled them t o  monitor changes i n  frontal intensity by the processes 
of frontogenesis and frontolysis. 
normal t o  the surface front and fal l ing on Wallops Island, Virginia ( W A L ) ,  also l i e s  
nearby the standard radiosonde stations a t  Green Bay, Wisconsin ( G R B )  , Flint ,  Michigan 
(FNT)  , Pittsburgh, Pennsylvania (PIT), and Dulles International Airport  (DIA). 
locations are indicated i n  Figure 1 by the black circles.  Using radiosonde data collected 
a t  these s i t e s  d u r i n g  the experiment, isentropic cross sections were produced by l inearly 
interpolating the significant level data, bo th  vertically and horizontally, and contouring 
the values entered in the resulting equally-spaced g r i d .  I t  was assumed for  the analysis 
tha t  the f ive reporting stations were spaced a t  equal intervals along the baseline. 
Figures 2-5 show the isentropic cross sections for  0000 GMT, September 10; 1200 GMT, 
September 10; 0000 GMT, September 11;  and 1200 GMT, September 11. 
charts are contour l ines  of constant windspeed. 
normal t o  the baseline ( o r  parallel  t o  the surface front)  i s  pictured. 
l ine  indicates the al t i tude of the tropopause as indicated i n  the radiosonde data. 
In anticyclones, a zone of depressed ozone 
In order that  the day-to-day var iabi l i ty  of b o t h  the total  ozone overburden and the 
The most useful 
The most useful property 
Staley2O used 
For  the particular orientation of the frontal system shown in Figure 1 ,  a baseline 
These 
Superimposed on these 
Only the component of the wind oriented 
The heavy, dashed 
7 
1 ooz 9/10 
GRB FNT PIT DIA WAL 
Figure 2. Isentropic cross section analysis for  0000 GMT, September 10, 1977. 
The l ight  solid l ines are isentropes i n  O K  and the heavy solid l ines 
are isopleths of windspeed i n  knots tangential t o  the cold front. 
The dashed l ine connects the reported locations of the tropopause. 
I 122 9/10 
GRB FNT PI T DIA WAL 
Figure 3. Isentropic cross section analysis for  1200 GMT, September 10, 1977. 
a 
m-1 1111111 I ' 
1 ooz 9/11 
Figure 4. I s en t rop ic  c ross  s e c t i o n  ana lys i s  f o r  0000 GMT, September 11 ,  1977. 
I 122 9/11 
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Figure 5. I s en t rop ic  c ros s  sec t ion  ana lys i s  f o r  1200 GMT, September 11, 1977. 
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I n  F igure 2, i t  can be seen t h a t  a t  F l i n t ,  Michigan, the l o c a t i o n  o f  the sur face 
f r o n t  a t  the  s t a r t  o f  data c o l l e c t i o n ,  a wel l -def ined j e t  stream e x i s t e d  w i t h  a maximum 
normal-component windspeed of about 80 knots b u t  no ex t rus ion  o f  s t ra tospher ic  a i r  beneath 
t h e  j e t  can be seen. 
j e t  stream decreases as the  f r o n t a l  system i n  the upper troposphere weakens and moves t o  
t h e  southeast across the cross sections. 
passed P i t tsburgh and t h e  peak winds are o n l y  i n  excess o f  60 knots. 
windspeed maximum i s  r e l a t i v e l y  unchanged b u t  the  l o c a t i o n  o f  t h e  j e t  i s  near Dul les 
I n t e r n a t i o n a l  A i r p o r t .  
the  normal component o f  the windspeed bears no resemblance t o  an upper-air  j e t .  
instance was there  observed an 4x t rus ion  o f  s t ra tospher ic  a i r  and from surface s t a t i o n s  
along t h e  basel ine,  there  were no repor ts  o f  p r e c i p i t a t i o n .  
I n  t h e  subsequent f igures,  the maximum windspeed a t  the  core o f  the 
A t  1200 GMT, September 10, the  surface f r o n t  has 
I n  Figure 4, t h e  
By the  t ime the surface f r o n t  has moved over the  A t l a n t i c  Ocean, 
I n  no 
Data C o l l e c t i o n  Summary 
The ECC ozonesondes were, as mentioned prev ious ly ,  nominal ly  released i n  pa i rs ,  one 
I n  from Wallops Is land,  V i r g i n i a ,  and the  o ther  from N o r f o l k  I n t e r n a t i o n a l  A i r p o r t .  
Table I, the p a i r s  a re  l i s t e d  together w i t h  comments concerning t h e i r  s u i t a b i l i t y  and 
ba l loon b u r s t  a l t i t u d e s .  Although some o f  the sondes d i d  n o t  reach the  b u r s t  a l t i t u d e  
hoped f o r  (30 km), there .are  ten  p a i r s  o f  ba l loon ozonesonde data records f o r  which i n t e r -  
s i t e  comparisons have been made. 
r o u t i n e l y  by the  Wallops Dasibi  and the Wallops Dobson spectrophotometer and the p r o f i l e  
data f rom the  ECC ozonesondes. 
The remainder o f  t h i s  r e p o r t  discusses the data c o l l e c t e d  
SURFACE D A S I B I  DATA 
I n  F igure 6, the  ozone concentrat ion as measured by the  WFC Dasibi  instrument i s  
cont rasted w i t h  windspeed and dewpoint temperature data taken by the NWS support f a c i l i t y  
located a l s o  a t  WFC. 
r a p i d  drop i n  humidity. 
of some 3-1/2 hours. 
marked by an unusual ly h igh  l e v e l  o f  "nois iness."  
normal record a t  i t s  previous elevated l e v e l  was resumed. 
passage of t h e  f ron t ,  t h e  WFC Dasibi  data record was compared w i t h  s i m i l a r  recordings from 
Dasibi  instruments loca ted  a t  Wachapreague, V i r g i n i a ,  a r u r a l  s e t t i n g  approximately 40 km 
The passage of the  f r o n t  a t  0315 GMT i s  r e a d i l y  apparent i n  the  
Coinc identa l ly ,  the ozone concentrat ion underwent a sharp reduct ion 
P r i o r  t o  the  f ron ta l  passage, t h e  windspeed was calm f o r  a per iod 
Upon the  passage o f  the f r o n t ,  a more 
To examine the behavior o f  surface ozone over a longer  per iod  o f  t ime around the 
10 
TABLE I. In t e r -S i t e  Balloon Ozonesonde Comparison Data 
Date 
9/9 
9/10 
9/10 
9/10 
9/10 
9/11 
9/11 
9/11 
9/11 
9/12 
9/12 
9/12 
Nominal 
Release 
T i  me 
~~~ 
(GM-0 
2000 
0200 
0600 
1500 
2000 
0200 
0600 
1500 
2000 
0200 
0600 
1500 
Wall ops Sonde 
Number 
3A- 08 1 ** 
3A-153 
3A- 158 
3A- 159 
3A- 167*** 
3A- 182 
3A- 1 92 
3A- 194 
3A- 195 
3A-199 
3A- 201 
3A- 202 
Burst 
Pressure 
(mb) 
6.4 
10.0 
4.6 
9.4 
8.0 
12.0 
4.0 
11.5 
7.5 
14.4 
7.4 
5.5 
ORF Sonde 
Burst 
Pressure 
Number (mb) 
3A- 169 
3A- 1 70 
3A-171 
3A- 181 
3A- 183* 
3A- 1 85 
3A- 186 
3A- 187 
3A- 188 
3A- 189 
3A- 190 
3A-191 
13.0 
7.6 
7.0 
13.8 
52.0 
6.2 
5.3 
5,O 
6.9 
2.9 
4.4 
4.6 
* T h i s  balloon b u r s t  prematurely. I t  was replaced by sonde No. 3A-184 w h i c h  
was r e l eased  a t  2242 GMT, September 10. 
low a l t i t u d e  of 26.2 mb. 
Unfortunately,  i t  too bu r s t  a t  a 
** 3A-081 apparent ly  su f fe red  an instrument malfunction. The problem has not 
been i d e n t i f i e d  but  i t s  measured ozone maximum concentrat ion o f  80 pmb a t  
about 24.5 km i s  i n c o n s i s t e n t  w i t h  the typ ica l  value of approximately 
140 pmb usua l ly  observed a t  WFC. 
*** T h i s  sonde su f fe red  a da t a  dropout period between 82 and 37.8 mb o f  a l t i t u d e .  
The remainder of the da ta  record seems l eg i t ima te ,  
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Figure 6. Time h i s t o r i e s  of dewpoint temperature ,  TD, windspeed, U ,  and sur face  
ozone concent ra t ion ,  [03], during the co ld  f ron ta l  passage i n  the 
evening of  September 10, 1977. 
southwest o f  WFC, and a t  Norfolk In te rna t iona l  Ai rpor t ,  Norfolk, Virginia .  The three 
records a r e  superimposed i n  Figure 7. I t  can be seen t h a t  the effect  of  the cold f r o n t  
appears  t o  be l imi t ed  t o  the 4-5 hours immediately preceding i t s  passage as  a l l  three 
s t a t i o n s  experienced reduct ions i n  ozone concentrat ion during the per iod of calm winds. 
During the fol lowing day, an e a r l y  morning m i n i m u m  occurred a s  usual around 0700 EST 
and a typ ica l  maximum near  1700 EST followed. No effects  of the f r o n t a l  passage during 
September 11, 1977, can be seen. 
by Mr. John Salop of  the Virginia  Air Pol lu t ion  Control Board, Vi rg in ia  Beach, Virginia .  
The Wachapreague and Norfolk Airpor t  da ta  were provided 
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Figure 7. Surface ozone concent ra t ion  va r i a t ions  a t  Wallops F1 i g h t  Center, 
Wachapreague , V i  rgi n i  a ,  and the Norfolk In t e rna t iona l  A i  r p o r t  during 
the per iod o f  the experiment. 
a t  Wallops is ind ica ted  by the dashed v e r t i c a l  l i n e .  
The time of  the cold f r o n t a l  passage 
DOBSON SPECTROPHOTOMETER DATA 
During September 8-13, Dobson spectrophotometer da t a  were taken,  as usua l ,  a t  three 
nominal times during the day l igh t  hours - 1500, 1630 and 2000 GMT. 
of  measurements were taken each day near  loca l  noon w i t h  a spacing o f  2-3 minutes. 
Figure 8, these da ta  a r e  p l o t t e d  versus time. 
average values  of  each series of  measurements w i t h  the smal le r  e r r o r  bars  depic t ing  p lus  
and m i n u s  one s tandard devia t ion  around the mean f o r  each series. 
these da ta  show the 5% nominal accuracy given by Thomas and Holland" a s  the ultimate 
c a p a b i l i t y  of  the Dobson spectrophotometer. 
measurements made before  and a f t e r  loca l  noon. 
accuracy l i m i t a t i o n s  a s  are the ensemble averages. 
c o l l e c t i o n  per iod can be seen i n  these da ta .  
Addi t iona l ly ,  a series 
In 
The po in ts  shown w i t h  e r r o r  bars  a r e  the 
The e x t e r i o r  bounds on 
The poin ts  without  e r r o r  bars  a r e  the s i n g l e  
They are,  of  course,  s u b j e c t  t o  the 5% 
No marked t r ends  during the da ta  
13 
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F i g u r e  8. Wallops Dobson spectrophotometer measurements of total  ozone over- 
burden taken d u r i n g  the experiment. Data points w i t h  error bounds 
are ensemble averages w i t h  the number of individual values i n  each 
ensemble shown i n  parentheses. The inter ior  error  bars are the 
standard deviations from the average and the exterior bounds repre- 
sent the ? 5% errors typical of Dobson performance according t o  
Thomas and Hol 1 and. 15 
ECC OZONESONDE DATA 
Data Verification 
Because no  other method exis ts  for  obtaining high resolution ozone profiles i n  the 
a l t i tude  ranges covered by the WFC balloons, i t  is n o t  possible t o  compare the vertical 
profiles obtained from the ozonesondes released a t  Norfolk and WFC d u r i n g  September 9-12, 
1977, with’other proven measurements. 
f i l e s  from each pair o f  simultaneous balloon releases t o  assess the combined effects  of 
ECC ozonesonde consistency and horizontal atmospheric variabil i ty.  These intercomparisons 
will be the subject o f  the following section. First, though, there are two other inde- 
pendent checks of the profile data quality that  can be employed. 
I t  i s ,  however, possible t o  intercompare the pro- 
14 
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Surface-ECC_Ozonesonde and . Dasi b i M o n i t o r  Measurement Comparisons. Immediately p r i o r  
t o  release, a balloon-borne ECC ozonesonde measures the ground-level concentrat ion o f  
ozone. 
operat ion,  these surface readings can be compared w i t h - t h e  Dasibi  output. 
shown i n  F igure 9. 
m i l l i b a r s  (pmb) t o  p a r t s  per  b i l l i o n  (ppb) t o  correspond t o  the  Dasibi  measurements and 
A t  WFC, where a w e l l - c a l i b r a t e d  Dasib i  Opt ica l  Ozone Moni tor  i s  cont inuously  i n  
The r e s u l t s  are 
The ECC ozonesonde values have been converted from u n i t s  o f  micro- 
60 
0 
40 
0 2 0  
v 
0 
Figure 9. Intercomparison o f  the surface readings, (03)Ecc, from ECC ozone- 
sondes released from Wallops I s l a n d  w i t h  the  co inc identa l  Dasibi  
measurements , (03)o. 
t h e  l a t t e r  have been adjusted us ing equat ion 1 t o  achieve an absolute c a l i b r a t i o n .  The 
ten p o i n t s  are from the  WFC ozonesondes i d e n t i f i e d  i n  Table I w i t h  the except ion o f  3A-081, 
which apparent ly suffered an inst rumentat ion malfunct ion,  and 3A-182, which f i r s t  t e l e -  
metered data a t  an a l t i t u d e  o f  792 mb. It can be seen i n  the  f i g u r e  t h a t  e i g h t  o f  t h e  t e n  
p o i n t s  l i e  c lose t o  the 45 degree l i n e  s i g n i f y i n g  p e r f e c t  agreement between the  two 
measurement systems. The remaining p o i n t s  f a l l  below the  l i n e  i n d i c a t i n g  t h a t  the  ozone- 
sonde values were lower than those r e g i s t e r e d  by the  Dasibi .  
w i t h  t h e  corresponding windspeed and d i r e c t i o n  data from the Nat ional  Weather Service are 
tabu la ted  i n  Table 11. 
t h e  abnormal p o i n t s  i n  F igure 9, a re  i n  bas ic  agreement. Hence, an explanat ion i s  n o t  
a v a i l a b l e  f o r  the  discrepancies al though in te r fe rence from automobile t r a f f i c  o r  o ther  
anthropogenic sources i s  always a concern. 
The measurement values along 
I t  can be seen t h a t  the wind data f o r  sondes 3A-158 and 3A-199, 
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TABLE 11. Surface Comparison Data 
WFC 
Sonde No. Date 
3A- 153 
3A- 158 
3A- 159 
3A- 167 
3A- 192 
3A- 194 
3A-195 
3A- 199 
3A- 201 
3A- 202 
~ 
919 
9/10 
9/10 
9/10 
9/11 
911 1 
9/11 
9/11 
9/12 
9/12 
T i  me 
( E D - 0  
~ . -. ~i 
2200 
0200 
1100 
1600 
0200 
1100 
1600 
2200 
0200 
1100 
-- 
I s land  Data 
32.8 
11.2 
26.5 
59.0 
40.8 
30.0 
34.2 
6.4 
20.4 
39.6 
U 
( k t )  
~ . .  - 
2 
9 
16 
11 
14 
13 
13 
5 
8 
6 
9 
- _ _  
110 
260 
290 
290 
3 40 
320 
300 
320 
10 
3 40 
27.4 4 
25.0 6 
32.0 10 
58.4 6 
46.8 10 
35.1 13 
46.0 10 
30.5 4 
19.6 7 
38.3 6 
c- 
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ECC Ozonesonde and Dobson Spectrophotometer Total Ozone Measurement Comparisons. In 
add i t ion  t o  the comparison us ing  the  sur face  reading from an ozonesonde, t h e  presence of 
the Dobson spectrophotometer a t  the s i te  of the balloon r e l eases  a t  Wallops F l i g h t  Center 
f a c i l i t a t e s  a comparison o f  i t s  t o t a l  ozone measurement w i t h  the t o t a l  overburden computed 
from the ozonesonde p r o f i l e  data. In some l aye r  
between a l t i t u d e s  Z1 and Z 2 ,  a t  which the a i r  pressure i s  p1 and p 2 ,  r e spec t ive ly ,  the  
ozone amount i s  g iven  by 
The l a t t e r  i s  ca l cu la t ed  a s  follows. 
-# 
( 2 )  
where X i s  the t o t a l  ozone amount i n  atm-cm, p3 i s  the dens i ty  of ozone, and p3 
ozone dens i ty  a t  s tandard temperature and pressure. 
t h e  atmosphere 
i s  the 
Using the hydros ta t ic  equa?% f o r  
equat ion ( 2 )  becomes 
X12 = -  (4)  
16 
where p3/pa i s  the ozone mixing r a t i o .  
the equat ion o f  s t a t e  y i e l d s  
S u b s t i t u t i n g  f o r  pa,  the dens i ty  of dry a i r ,  from 
P 
Also, i t  i s  useful t o  observe t h a t  the gas constant  f o r  ozone, R 3 ,  i s  given by 
S u b s t i t u t i n g  (6)  i n  (5) results i n  
P1 1 657 X l 2  = -L..-.- p3 dlnp 
gp3STP p2 
(5)  
(7) 
p3, the p a r t i a l  pressure of ozone, p1 , and p2 a r e  a l l  outputs  of the ECC ozonesonde 
allowing f o r  the c a l c u l a t i o n  o f  the t o t a l  ozone, overburden i n  the v e r t i c a l  column above 
the balloon r e l e a s e  point.  Equation ( 7 )  was used f o r  each of the twenty-one acceptable  
sondes i d e n t i f i e d  i n  Table I .  
a r e  t abu la t ed  below i n  Table 111. 
The resulting t o t a l  ozone amounts expressed i n  Dobson units 
Oa t e  
9/ 9 
9/10 
9/10 
9/10 
9/11 
9/11 
9/11 
9/11 
9/12 
9/12 
9/12 
TABLE 111. 
Approximate 
Re 1 ease 
T i  me 
2000 
0200 
0600 
1500 
0200 
0600 
1500 
2000 
0200 
0600 
1500 
ECC Ozonesonde Total  Ozone Amounts 
Norfolk Sonde 
'ECC Number 
(O.U.) 
~ - - 
3A-169 317 
3A- 170 278 
3A-171 290 
3A- 1 81 31 4 
3A- 185 295 
3A- 186 283 
3A- 187 305 
3A- 188 305 
3A- 189 319 
3A- 190 293 
3A-191 295 
Wallops Sonde 
'ECC Number 
(O.U.) 
3A- 153 
3A- 158 
3A- 159 
3A- 182 
3A- 192 
3A- 194 
3A-195 
3A- 199 
3A-201 
3A- 202 
295 
292 
275 
344 
293 
299 
285 
277 
31 4 
322 
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Above t h e  b u r s t  a l t i t u d e  o f  the balloons, i t  was necessary t o  assume t h a t  the  mix ing r a t i o  
was constant, an assumption u s u a l l y  q u i t e  reasonable i f  the  f i n a l  r e p o r t  from t h e  ozone- 
sonde was from an a l t i t u d e  w e l l  above a wel l -def ined ozone maximum. By modi fy ing equat ion 
( 4 )  t o  represent  a constant mix ing r a t i o ,  i t  can be shown t h a t  the  res idua l  ozone amount 
above b u r s t  he igh t  can be ca lcu la ted  from the equat ion 
= 1.657 p3/gp 
'res 3STP 
The t o t a l  ozone amounts are a lso  p l o t t e d  i n  Figure 10 along w i t h  the  Dobson measure- 
ments o f  F igure 8. Only the  average Dobson reading taken a t  l o c a l  noon on the days o f  the 
experiment are shown. Again, these are p ic tu red  w i t h  a 5% nominal e r r o r  bound, and an 8% 
bound i s  shown on the  t o t a l  in tegra ted  amounts from the ozonesonde p r o f i l e s  r e f l e c t i n g  the  
pre l im inary  comparison work o f  Torres and Bandy.15 
i s  i n  reasonably good agreement w i t h  the Dobson measurements throughout the experiment. 
No systemat ic v a r i a t i o n  i n  the former i s  noted. 
I t can be seen t h a t  the  ba l loon data 
For example, n igh t - t ime releases do n o t  
T 
- 
0 DOBSON 
- A ECC -NORFOLK 
ECC -WALLOPS 
0 1  I I I I 1 - 
8 9 10 11 12 13 
DATE 
SEPT. 1977 
Figure 10. Intercomparison o f  the  t o t a l  ozone overburden computed by i n t e g r a t i o n  
o f  the ECC ozonesonde p r o f i l e s  w i t h  the ozone amounts measured by the 
Wallops Dobson spectrophotometer. 
18 
.I. I, - , 1 1 1 .  I 111,1111 I1.11111 I 111.1 II I I 111 I 
appear t o  detect total  ozone amounts different than the day-time balloons w i t h i n  the 
accuracy of the measurement technique. 
from Norfolk and Wallops, the computed values of ozone overburden differed by only 3 
Dobson units on the aver,age (i.e., 1 D.U. = 
higher. The standard deviation of the differences was 28 D.U. Much o f  t h i s  scat ter  was 
undoubtedly the resul t  of the imprecision and inaccuracy of the ECC ozonesonde. 
For the ten pairs of simultaneous balloon releases 
atm cm) w i t h  the Wallops values s l ight ly  
Norfol k-Wal lops ECC 
I t  has been shown that  the surface 
Dasibi measurements and that  the total  
Ozonesonde Profile Comparisons 
ozonesonde readings are i n  good agreement w i t h  
ntegrated ozone amounts agree w i t h  Dobson spectro- 
photometer reports. In Figures l la-1,  the individual profiles from both  Norfolk and 
Wallops are displayed. 
neously a t  the two s ta t ions,  the profiles are both shown i n  the same figure for  compari- 
son. In general, the agreement between the member profiles of a pair  is good. When 
differences do occur, they are i n  general small and they may exis t  throughout  the profiles 
o r  may only be found i n  specific portions of the atmosphere. 
the pair are nearly identical unti l  the balloons reached the ozone maxima near 30 mb. 
Then the Norfolk sonde measured higher ozone partial  pressure than d i d  the Wallops instru- 
ment. 
f l ights .  
an abnormally h i g h  partial  pressure of ozone a t  the ozone maximum, b u t  was i n  good agree- 
ment with Norfolk ozonesonde 3A-185 el sewhere. No known instrument effects  would cause 
the peak t o  be enhanced w i t h o u t  the difference also occurring ei ther  above o r  below the 
ozone maximum. If i t  i s  a real increase in the ozone partial  pressure, what physical 
mechanism i s  responsible? T h i s  pair of profiles will be discussed in some detail  for  
several reasons. First, the large apparent enhancement of the ozone partial  pressure a t  
the ozone maximum caused the integrated ozone amount of ozonesonde 3A-182 t o  d i f fe r  from 
i t s  Norfolk counterpart by 16%, the largest  such difference seen in Table 111. In  Figure 
10, the 3A-182 point can also be seen t o  d i f fe r  from the Dobson measurements by more than 
any other sonde result. Secondly, the pair of balloons i n  Figure l l f  were released on 
September 10 a t  about 2200 EDT, one hour  p r ior  t o  the passage of the surface cold front  
a t  Wallops Island, Virginia. 
actual f l igh t  of t h e  balloon can be charted t h r o u g h  the existing structure of the atmo- 
sphere. Using standard radiosonde techniques, the tracking data from the ozonesonde 
receiver can be processed to  yield measurements of the az imuth  and elevation of the 
When a pair of balloons were released successfully and simulta- 
For example, i n  Figure l l d ,  
Ozonesondes 3A-187 and 3A-194 were in consistently good agreement th roughou t  the i r  
The greatest differences are found i n  Figure l l f  where ozonesonde 3A-182 measured 
Frontal .~ Effects. By ut i l iz ing the isentropic cross sections presented e a r l i e r ,  the 
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Figure 11. ECC ozonesonde profiles. 
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The ozonesondes released from Wallops Island produced the sol i d  distributions 
and those launched a t  Norfolk International Airport produced the dashed profiles. The release times 
for  the profiles i n  each figure are given in Table I. 
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balloon as a function of elapsed f l i g h t  time. Knowledge of the ambient pressure i n  the 
vicini ty  of the ozonesonde resul ts  i n  a calculation of the balloon's a l t i tude  using the 
hypsometric formula. That value coupled w i t h  the measured elevation angle can be used t o  
compute the range of the balloon from i t s  release point and tha t  resul t  w i t h  the azimuth 
of  the balloon p in -po in t s  the location of the balloon's nadir on the ear th ' s  surface. In 
F.igure 12, the component of the vector from Wallops Island t o  the balloon's nadir s p o t  i n  
the direction perpendicular t o  the surface cold front  i s  plotted on the right-hand por t ion  
of Figure 4,  the isentropic cross section for 0000 GMT on September 11, 1977. 
this depiction of the atmosphere's structure i s  applicable approximately two hours e a r l i e r  
than the balloon's release, the profile has been translated one s i x t h  of the distance 
between station 5 on the cross section, Wallops Island, and s ta t ion 4, Dulles International 
Airport. 
front. However, a f t e r  about an hour of elapsed f l i g h t  time, the balloon's motion was 
nearly ver t ical ,  and, thereaf ter ,  i t  was carried back towards i t s  release p o i n t .  No 
extrusions of stratospheric a i r  can be found i n  Figure 12 and as noted e a r l i e r  the upper 
a i r  j e t  stream and the frontal system i t s e l f  were weak and near complete dissipation. 
From Figure 10, i t  can be seen that  no  change i n  the computed total  ozone overburden can 
Because 
As the balloon ascended, i t  was carried o f f  of the coast i n  advance of the cold 
ELAPSED FLIGHT 
TIME, min 
7% i 
ooz 9/11 701 1 
I I 
TRAJECTORY 
RELEASE 
0 
PIT DIA WAL 
Figure 12. Superposition of the location o f  ECC ozonesonde 3A-182 normal t o  
the cold front as a function of elapsed f l i g h t  time on the isentropic 
cross section for  0000 GMT, September 11, 1977. 
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be  associated w i t h  the frontal passage. I t  can only be speculated that  the effects  of a 
more intense frontal system may not be as negligible as were the resul ts  of this experi- 
ment. The only unusual condition seen i n  the ECC ozonesonde data that  may be associated 
w i t h  the frontal passage is  the enhanced ozone maximum for sonde 3A-182 and no connection 
between them is a t  present known. 
measurements made by ozonesonde 3A-182 including the ozone partial  pressure, the ambient 
a i r  temperature, the lapse rate ,  the windspeed, and wind direction. Superimposed on the 
ozone data is  the balloon location vector component i n  the direction perpendicular t o  the 
cold front that  was described previously and shown i n  Figure 12. T h e  prevailing westerly 
winds a t  a l t i tudes below 70 mb are obviously responsible for  the balloon's movement o u t  t o  
sea and the w i n d ' s  reversal near the ozone maximum resul ts  i n  the translation of the 
Plotted i n  Figure 13 are a l l  of the meteorological 
balloon back towards Rallops Island. An analysis of these same ancil lary measurements for  
each of the other ozonesondes released i n  this experiment has revealed no unusual meteoro- 
logical act ivi ty  that  correlates w i t h  the enhanced maximum. 
The possible role of atmospheric waves on the dynamics 
of the lower stratosphere cannot be discounted. 
applicabili ty of a quasi-inertial oscil lation model for  explaining mesoscale wind phenomena 
observed i n  Jimsphere measurements. 
ozonesondes flown a t  Wallops dur ing  this experiment match expected characterist ics for  
this  class of wave motion caused by a balance between i n e r t i a l ,  Coriolis, and s t a t i c  
s t a b i l i t y  effects.  
height as having vertical dimensions of the order of 1-2 km and horizontal dimensions of 
a t  l eas t  several hundred kilometers. Many characterist ics of quasi-inertial oscil lations 
are unknown,  however. The motion of a i r  parcels w i t h i n  the wave cannot be adequately 
measured i n  an Eulerian system as was used here because the advection associated w i t h  the 
oscil lation is no t  seen. Without  t h i s  knowledge, i t  is d i f f i c u l t  t o  speculate on the 
effect  of these waves on the mixing of ozone-rich a i r  from the middle stratosphere w i t h  
the ambient a i r  i n  the lower stratosphere. The importance of atmospheric waves and the 
dynamics of the lower stratosphere on the ozone prof i le  cannot be discounted and should 
receive attention i n  the future. 
Photochemical .. Effects. H e ~ s t v e d t ~ ~  used perturbation techniques t o  derive expres- 
s i o n s  for  the time constant as a function of a l t i tude of the restoration o f  photochemical 
equilibrium i n  the stratosphere. Using these resul ts ,  i t  is  possible t o  simulate the 
resultant ozone prof i le  as a function of time a f t e r  a vertical displacement of the original 
photochemical equilibrium concentration profile. 
lat ion are shown i n  F igure  14. The atmosphere was divided i n t o  ten 5 km thick layers from 
the surface t o  50 kin. 
averaged mid-latitude ozone profile is from the 1976 U.S. Standard Atmosphere.28 Three 
other curves are also i n  the i l lustrat ion.  I f  1/2 of the ozone concentration i n  each 
Stratospheric Wave Effects. 
Recently, VaughanZ5 has discussed the 
Variations of the wind data collected from the ECC 
Sawyer26 originally described these periodic wind variations w i t h  
The results of a simple numerical simu- 
The equilibrium profile is  taken from HesstvedtP7 and the seasonally 
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Figure 13. Vertical variations of ozone partial pressure, p3, temperature, T, lapse rate,  -dT/dz, 
wind direction, 8 ,  and windspeed, U, for ozonesonde 3A-182. 
distribution of ozone i s  the balloon position normal t o  the cold front, A ,  shown in Figure 12.  
Superimposed on the vertical 
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Figure 14. Results o f  a s imu la t ion  showing t h e  e f f e c t  o f  photochemistry on a 
perturbed v e r t i c a l  d i s t r i b u t i o n  o f  ozone. The photochemical 
e q u i l i b r i u m  p r o f i l e  and the r e s t o r a t i o n  t ime constants are from 
Hess t v e d t  . 27 
l a y e r  i s  instantaneously l o s t  t o  the  l a y e r  immediately below i t, the  e n t i r e  p r o f i l e  i s  
d isp laced downwards. U t i l i z i n g  Hesstvedt 's  r e s u l t s ,  however, t h e  process o f  r e s t o r i n g  
photochemical e q u i l i b r i u m  can be shown t o  begin immediately w i t h  the  recovery occurr ing 
most r a p i d l y  i n  the upper stratosphere. A t  50 km, one-hal f  o f  the recovery i s  complete 
a f t e r  about 1-1/2 hours, w h i l e  a t  30 km near ly  100 hours are required. 
14, i t  i s  seen t h a t  a f t e r  1 day o f  displacement, r e s t o r a t i o n  o f  equ i l ib r ium i s  complete 
down t o  the  35-40 km layer .  
s t i l l  unaf fected by photochemical a c t i v i t y .  Af ter  1 month, the e q u i l i b r i u m  i s  res to red  
down i n t o  the  25-30 km l a y e r  b u t  l i t t l e  i f  any change has been made t o  the non-equi l ibr ium 
p r o f i l e  below 20 km. Based on t h i s  crude model, i t  has been shown t h a t  f u l l  adjustment i s  
made above 35 km, no adjustment i s  made below 20 km, and a l l  t r a n s i t i o n a l  r e s t o r a t i o n  
Hence, i n  Figure 
Below 20 km, the  per tu rba t ion  o f  the  o r i g i n a l  p r o f i l e  i s  
e f f e c t s  occur i n  between, i n  the reg ion of the  ozone maximum. 
Because t h e  sampling i n t e r v a l  fo r  data c o l l e c t i o n  i n  t h i s  experiment was approx 
mately 6 hours, the  mechanism responsible fo r  the ozone maximum enhancement o f  sonde 
182 could n o t  have been photochemical i n  nature. Any p e r t u r b a t i o n  o f  the  ozone prof  
- 
3A- 
l e  a t  
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an a l t i t u d e  o f  25 km would p e r s i s t  f o r  approximately one month before photochemical 
processes could overcome i t  and res to re  the p r o f i l e  t o  equ i l ib r ium.  Therefore, the 
advection o f  ozone o r  ozone precursors i n t o  the path o f  3A-182 appears t o  be the on ly  
p h y s i c a l l y  reasonable mechanism f o r  exp la in ing  i t s  h igh peak reading. Because any 
dynamics responsib le  f o r  i t s  enhancement must a lso  have caused i t s  r e t u r n  t o  normal l e v e l s  
4 hours l a t e r  when ozonesonde 3A-192 was released, t h i s  explanat ion too seems far - fe tched.  
CONCLUSIONS 
Twenty-five Electrochemical Concentration Ce l l  ozonesondes were released i n  p a i r s  
from Wallops F1 i g h t  Center and Nor fo lk  In te rna t i ona l  A i r p o r t  t o  evaluate t h e i r  performance 
c a p a b i l i t i e s  and t o  adjudge the  s p a t i a l  and temporal scales o f  ozone v a r i a b i l i t y  i n  the  
r e a l  atmosphere. I n  support, sur face ozone concentrat ion measurements from Dasibi 
Corporation Opt ica l  Ozone Monitors and t o t a l  ozone overburden readings from a Dobson 
spectrophotometer were ava i l ab le  a t  Wallops F l i g h t  Center. These l a t t e r  a n c i l l a r y  
measurements were used t o  v e r i f y  acceptable performance by the  ozonesondes. E igh t  o f  ten  
Wallops F l i g h t  Center ozonesondes had surface readings i n  exce l l en t  agreement w i t h  Dasib i  
measurements made a t  the same t ime about 5 mi les  d i s tan t .  The low reading o f  the re -  
maining two sondes i s  unexplained. When the t o t a l  ozone overburden i s  computed by i n t e -  
g ra t i ng  under the 21 ozonesonde p r o f i l e s  and assuming a constant ozone mix ing r a t i o  above 
the  bal loon b u r s t  height, the  .agreement between the simultaneously released Nor fo lk  and 
Wallops sondes i s  good w i t h  a mean d i f f e rence  o f  2.8 D.U. and a standard dev ia t ion  o f  the  
d i f ferences o f  about 28 D.U., o r  about 9%. 
Dobson measurement throughout the data c o l l e c t i o n  period, the Wallops overburdens d i f f e r  
by 5.4 D.U. w i t h  a standard dev ia t ion  o f  23.4 D.U. and the Nor fo lk  values d i f f e r  by 6.4 
D.U. w i t h  a standard dev ia t i on  o f  15.1 D.U. The conclusion from these intercomparisons i s  
t h a t  the balloon-borne ECC ozonesondes are capable o f  measuring the  vert i 'cal  p r o f i l e  o f  
ozone t o  w i t h i n  10% o f  the  actual  value. 
i n te rpo la ted  Dobson readings may be caused by r e a l  phys ica l  e f fec ts .  
towards i d e n t i f y i n g  these features i n  the data have proved inconclus ive,  however. 
the passage o f  the weak co ld  f r o n t  through the Wallops reg ion o r  the lack  o f  i n s o l a t i o n  
a t  n i g h t  appears t o  cause a no t iceab le  change i n  the t o t a l  ozone measurements. 
day-night va r ia t i ons  and weak a i r  mass changes appear t o  a f f e c t  the t o t a l  ozone over- 
burden by amounts l ess  than the 10% s e n s i t i v i t y  l i m i t  o f  the ozonesonde measurement 
system. 
When compared w i t h  a l i n e a r l y  i n te rpo la ted  
Par t  o f  the  disagreement between the overburdens measured by the  ozonesondes and the 
I n i t i a l  e f f o r t s  
Ne i ther  
That i s ,  
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This  i s  n o t  meant t o  imply, however, t h a t  phys ica l  mechanisms are n o t  important. 
Day-night v a r i a t i o n s  and a i r  mass changes undoubtedly do p l a y  impor tant  a l b e i t  small r o l e s  
i n  the n a t u r a l  v a r i a b i l i t y  o f  ozone i n  the atmosphere. The most puzz l ing  fea ture  of t h i s  
exper iment 's data s e t  i s  t h e  enhanced ozone maximum dur ing  the  f l i g h t  o f  ozonesonde 3A-182. 
Although an inst rumentat ion e f f e c t  cannot be r u l e d  out, no known hardware performance can 
account f o r  t h i s  feature.  S i m i  1 a r l y ,  photochemical a c t i v i t y  cannot be responsible because 
o f  t h e  speed w i t h  which the  anomaly disappears. 
t h i s  experiment i s  t h a t  e i t h e r  t h e  dynamics o f  the lower s t ra tosphere o r  sporadic i n s t r u -  
ment e f f e c t s  may be responsib le  f o r  s i g n i f i c a n t  v a r i a t i o n s  i n  the  v e r t i c a l  p r o f i l e  o f  
ozone by ECC ozonesondes. 
low temperature and pressure i s  needed before the anomalous enhancement can be explained. 
The pre l im inary  conclusion drawn from 
Fur ther  study o f  the  sonde's performance under condi t ions o f  
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16 Abstract 
The c a p a b i l i t i e s  o f  t h e  E lec t rochemica l  Concent ra t ion  C e l l  ozonesonde f o r  measur ing t h e  v e r t i c a l  
p r o f i l e  o f  atmospher ic ozone were s t u d i e d  d u r i n g  a three-day exper iment  a t  Wallops I s l a n d ,  V i r g i n i a ,  
and N o r f o l k ,  V i r g i n i a .  Using a n c i l l a r y  measurements by Das ib i  Corpo ra t i on  O p t i c a l  Ozone Mon i to rs  a t  
t h e  su r face  and t h e  Wallops I s l a n d  Dobson spectrophotometer,  i t  was concluded t h a t  t h e  ozonesonde 
measures t h e  t o t a l  ozone overburden t o  w i t h i n  10% o f  t h e  r e a l  value. 
an i n d i c a t i o n  was ob ta ined o f  t h e  temporal  and s p a t i a l  sca les  o f  atmospher ic ozone v a r i a b i l i t y .  
s i g n i f i c a n t  e f f e c t s  o f  a weak c o l d  f r o n t  passage o r  o f  t he  l o s s  of i n s o l a t i o n  a t  n i g h t  were seen. 
An i s o l a t e d  i n c i d e n t  o f  anomalously h i g h  ozone concen t ra t i on  a t  t h e  peak o f  t h e  p r o f i l e  has been 
a t t r i b u t e d  t o  sporad ic  i ns t rumen t  performance e f f e c t s .  The da ta  base c u r r e n t l y  a v a i l a b l e  i s  n o t  
adequate f o r  de termin ing  an exac t  cause o f  t he  anomaly. 
By r e l e a s i n g  t h e  ba l loon-borne ins t ruments  a t  a r a t e  o f  f o u r  p e r  day a t  each o f  t h e  two s i t e s ,  
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